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RESULTS AND DISCUSSION
X-ray diffraction analysis results in Figure 1 reveal that a high pH value of the co-precipited solution favored the formation of FeaO4 colloids. At pE=lO, well crystallized spinel phase was formed and no other phase was detected. Zn ion formed a solid solution with FesO4. EDX analysis of Zn ion content in FeaOc colloids (Figure 2 ) reveals that Zn ion content in FeaO4 colloid was always less that in the original solution because Zn has a higher solubility in this pH range than either Fez+ or Fe3+ ions. For an initially fixed Zn ion content of 6.91 at% (8 wt%) in the solution, the Zn ioa content in the FesO4 colloids ranged from 2.87 atm% at pH=5 to a maximum value of 6.71 wt% at pH=lO. Later, it gradually declined to 6.32 wt% at pH=12. The difference between the Zn ion in the colloid and in the original solution was the smallest at pH=lO because of the Zn ion' s amphibious property. At a fixed pH=lO in the precipitated solution. Figure 3 shows the relationship between Zn content in the solution before co-precipitation and Zn content in the FesOc colloid. Zn ion content in the FeaO4 colloid is always less than that in the original solution. Electron micrographs reveal that the colloid particles were spherical with a diameter less than 1006.
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JOURNAL DE PHYSIQUE IV
Because the us value of FetO4:Zn colloids was found to be optimal when they were produced at pH=lO, FesO4:Zn colloids were produced at pH=lO for various Zn contents. Figure 4 reveals that the U a values of the FesO4 colloids significantly improved by adding an appropriate amount of Zn ions, e.g. ranging from 70 emu/g at Zn-0 at% to a maximum of 94 emu/g at Zn=6.18 at%. Later they reduced to 70 emu/g at Znz10.97 at%. The optimal Zn content of the FesO4:Zn colloid is Znz6.18 at% where the us value of the colloid is 34% more than the us values of the colloids without adding the Zn ion.
6.18 at% of Zn ion in the Fes0r:Zn colloid implies that, initially, Fez+ is 31.27 at% and Feat is 62.55 at% in this colloid. However, adding Zn2+ ion replaces Fez+ ion and causes a 6.18 at% surplus of Fee+ in the spinel structure. The fact that x-ray analysis in Figure 1 indicates that the FeaO4:Zn colloid is a single phase solid solution, suggests that the surplus FeD must be somewhere in the spinel structure. The Fez+ was apparently oxidized to Fe3+ by dissolving oxygen in the solution and became part of the spinel because, at pH=lO, free Fe2+ is unstable and quite easily oxidized. If such a fact is true, the subsequent spinel formula of the FeaO4:6. 18 at% Zn colloid is as follows: (Zno .1ss4Fe~+o. 81 42) (Fe3+l. 18srFe~to. 814s)O4. This formula's net magnetic moment, as calculated from its individual magnetic moments, is 5.112 p; meanwhile, the net magnetic moment of pure FesO4 is 4 p. Adding 6.18 at% Zn ion to FesO4 increases the as value of FesO4 by 27.8%, which is slightly different from the experimental value of 34%. The optimum us value of FesO4:Zn colloid is that the spinel's A site is occupied by 18.54 at% of Zn ion, which is quite different from the other members of the ferrite family where the optimum U a value occurs when the spinel's A site is occupied by 50 at% of Zn ion. Some Hc values were found in the FeaO4: Zn colloids (Figure 4) , implying tlmt the colloids contain some larger particles which are beyond superparamagnetic range and are therefore ferrimagnetic. Moreover. Zn(at%) Figure 3 Relationship of Zn content in the original Figure 4 Magnetic properties of colloids solution and in the precipitated colloid at various Zn contents
